Oocyte Cytoplasmic Gas6 and Heparan Sulfate (HS) are Required to Establish the Open Chromatin State in Nuclei During Remodeling and Reprogramming.
Previously, we found that silencing of growth arrest-specific gene 6 (Gas6) in oocytes impaired cytoplasmic maturation, resulting in failure of sperm chromatin decondensation (SCD) and pronuclear (PN) formation after fertilization. Thus, we conducted this study to determine the effect of Gas6 RNAi on downstream genes and to elucidate the working mechanism of Gas6 on oocyte cytoplasmic maturation and SCD. Using RT-PCR, Western blot and immunofluorescence, the expression levels of various target genes and the localization of heparan sulfate (HS) were analyzed after Gas6 RNAi. The roles of Gas6 in HS biosynthesis, production of ATP and GSH, ROS generation and ΔΨm were also investigated. SCD and micrococcal nuclease (MNase) analyses were used to examine the effects of HS on the open chromatin state in sperm and somatic cell nuclei, respectively. Disruption of Gas6 expression led to the inhibition of HS biosynthesis through the reduction of several HS biosynthetic enzymes. The rescue experiment, HS treatment in vitro, significantly recovered SCD and PN formation, confirming that HS had the ability to induce sperm head remodeling during fertilization. Interestingly, excessive mitochondrial activation in Gas6-depleted MII oocytes caused ROS generation and glutathione (GSH) degradation via mitochondrial activation, such as elevated ΔΨm and ATP production. Indeed, HS-treated NIH3T3 cell nuclei showed an open chromatin state, as determined by diffuse DAPI staining and increased sensitivity to MNase. We propose that the addition of HS to sperm and/or oocyte maturation would improve the efficiency of in vitro fertilization and somatic cell nuclear transfer (SCNT) reprogramming.